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Description

[0001] The present invention relates to an enzyme, in particular α-1,4-glucan lyase ("GL"). The present invention also
relates to a method of extracting same.
[0002] FR-A-2617502 and Baute et al in Phytochemistry [1988] vol. 27 No.11 pp3401-3403 report on the production
of 1,5-D-anhydrofructose ("AF") in Morchella vulgaris by an apparent enzymatic reaction. The yield of production of AF
is quite low. Despite a reference to a possible enzymatic reaction, neither of these two documents presents any amino
acid sequence data for any enzyme let alone any nucleotide sequence information. These documents say that AF can
be a precursor for the preparation of the antibiotic pyrone microthecin.
[0003] Yu et al in Biochimica et Biophysica Acta [1993] vol 1156 pp313-320 report on the preparation of GL from red
seaweed and its use to degrade α-1,4-glucan to produce AF. The yield of production of AF is quite low. Despite a
reference to the enzyme GL this document does not present any amino acid sequence data for that enzyme let alone
any nucleotide sequence information coding for the same. This document also suggests that the source of GL is just algal.
[0004] According to the present invention there is provided a method of preparing the enzyme α-1,4-glucan lyase
comprising isolating α-1,4-glucan lyase from a culture of a fungus substantially free of any other organism, wherein the
α-1,4-glucan lyase is isolated and/or further purified using a gel that is not degraded by the enzyme, and is based on
cyclodextrin. More preferably the gel is based on beta-cyclodextrin.
[0005] There is also provided a GL enzyme prepared by the method of the present invention.
[0006] Preferably the fungus is Morchella costata or Morchella vulgaris.
[0007] Preferably the enzyme comprises the amino acid sequence SEQ. ID. No. 1 or SEQ. LD. No. 2.
[0008] The term "any variant thereof" means any substitution of, variation of, modification of, replacement of, deletion
of or addition of an amino acid from or to the sequence providing the resultant enzyme has lyase activity.
[0009] According to the present invention there is also provided a nucleotide sequence coding for the enzyme α-1,4-
glucan lyase, preferably wherein the sequence is not in its natural enviroment (i.e. it does not form part of the natural
genome of a cellular organism expressing the enzyme).
[0010] Preferably the nucleotide sequence is a DNA sequence.
[0011] Preferably the DNA sequence comprises a sequence that is the same as, or is complementary to SEQ. ID.
No. 3 or SEQ. ID. No. 4.
[0012] The expression "substantial homology" covers homology with respect to structure and/or nucleotide components
and/or biological activity.
[0013] The expression "contains any suitable codon substitutions" covers any codon replacement or substitution with
another codon coding for the same amino acid or any addition or removal thereof providing the resultant enzyme has
lyase activity.
[0014] According to the present invention mere is also provided a method of preparing the enzyme α-1,4-glucan lyase
comprising expressing the nucleotide sequence of the present invention.
[0015] There is also provided the use of beta-cyclodextrin to purify an enzyme, preferably GL.
[0016] There is also provided a nucleotide sequence wherein the DNA sequence is made up of at least a sequence
that is the same as, or is complementary to SEQ. ID. No. 3 or SEQ. ID. No. 4, preferably wherein the sequence is in
isolated form.
[0017] There is also provided therefore methods relating to the isolation of the enzyme α-1,4-glucan lyase from a
fungus. For example, the fungus can be any one of Discina perlata, Discina parma, Gyromitra gigas, Gyromitra infula,
Mitrophora hybrida, Morchella conica, Morchella costata, Morchella elata, Morchella hortensis, Morchella rotunda,
Morchella vulgaris, Peziza badia, Sarcosphaera eximia, Disciotis venosa, Gyromitra esculenta, Helvella crispa, Helvella
lacunosa, Leptopodia elastica, Verpa digitaliformis, and other forms of Morchella. Preferably the fungus is Morchella
costata or Morchella vulgaris.
[0018] The initial enzyme purification can be performed by the method as described by Yu et al (ibid).
[0019] However, preferably, the initial enzyme purification includes an optimized procedure in which a solid support
is used that does not decompose under the purification step. This gel support further has the advantage that it is
compatible with standard laboratory protein purification equipment.
[0020] The details of this optimized purification strategy are given later on. The purification is terminated by known
standard techniques for protein purification.
[0021] The purity of the enzyme can be readily established using complementary electrophoretic techniques.
[0022] The purified lyase GL has been characterized according to pI, temperature- and pH-optima.
[0023] In this regard the fungal lyase shows a pI around 5.4 as determined by isoelectric focusing on gels with pH
gradient of 3 to 9. The molecular weight determined by SDS-PAGE on 8-25% gradient gels was 110 kDa. The enzyme
exhibits a pH optimum in the range pH 5-7. The temperature optimum was found to lay between 30-45°C.
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[0024] Parameters determined using glycogen as substrate; other parameters determined using amylopectin as sub-
strate.
[0025] In a preferred embodiment the α-1,4-glucan lyase is purified from the fungus Morchella costata by affinity
chromatography on β-cyclodextrin Sepharose, ion exchange on Mono Q HR 5/5 and gel filtration on Superose 12 columns.
[0026] PAS staining indicates that the fungal lyase was not glycosylated. In the cell-free fungus extract, only one form
of α-1,4-glucan lyase was detected by activity gel staining on electrophoresis gels.
[0027] The enzyme should preferably be secreted to ease its purification. To do so the DNA encoding the mature
enzyme is fused to a signal sequence, a promoter and a terminator from the chosen host.
[0028] For expression in Aspergillus niger the gpdA (from the Glyceraldehyde-3-phosphate dehydrogenase gene of
Aspergillus nidulans) promoter and signal sequence is fused to the 5’ end of the DNA encoding the mature lyase - such
as SEQ I.D. No. 3 or SEQ. I.D. No.4. The terminator sequence from the A. niger trpC gene is placed 3’ to the gene
(Punt, P.J. et al (1991): J. Biotech. 17, 19-34). This construction is inserted into a vector containing a replication origin
and selection origin for E. coli and a selection marker for A. niger. Examples of selection markers for A. niger are the
amdS gene, the argB gene, the pyrG gene, the hygB gene, the BmlR gene which all have been used for selection of
transformants. This plasmid can be transformed into A. niger and the mature lyase can be recovered from the culture
medium of the transformants.
[0029] The construction can be transformed into a protease deficient strain to reduce the proteolytic degradation of
the lyase in the culture medium (Archer D.B. et al (1992): Biotechnol. Lett. 14, 357-362).
[0030] The amino acid composition can be established according to the method of Barholt and Jensen (Anal Biochem
[1989] vol 177 pp 318-322). The sample for the amino acid analysis of the purified enzyme can contain 69ug/ml protein.
[0031] The amino acid sequence of the GL enzymes according to the present invention are shown in SEQ. I.D. No.1
and SEQ. I.D. No.2.
[0032] The following samples were deposited in accordance with the Budapest Treaty at the recognised depositary
The National Collections of Industrial and Marine Bacteria Limited (NCIMB) at 23 St. Machar Drive, Aberdeen, Scotland,
United Kingdom, AB2 1RY on 3 October 1994:

E. Coli containing plasmid pMC (NCIMB 40687) - [ref. DH5alpha-pMC];

E. Coli containing plasmid pMV 1 (NCIMB 40688) - [ref. DH5alpha-pMV1]; and

E. Coli containing plasmid pMV2 (NCIMB 40689) - [ref. DH5alpha-pMV2].

[0033] Plasmid pMC is a pBluescript II KS containing a 4.1 kb fragment isolated from a genomic library constructed
from Morchella costata. The fragment contains a gene coding for α-1,4-glucan lyase.
[0034] Plasmid pMV 1 is a pBluescript II KS containing a 2.45 kb fragment isolated from a genomic library constructed
from Morchella vulgaris. The fragment contains the 5’ end of a gene coding for α-1,4-glucan lyase.
[0035] Plasmid MV2 is a pPUC19 containing a 3.1 kb fragment isolated from a genomic library constructed from
Morchella vulgaris. The fragment contains the 3’ end of a gene coding for α-1,4-glucan lyase.
[0036] In the following discussion, MC represents Morchella costata and MV represents Morchella vulgaris.
[0037] As mentioned, the GL coding sequence from Morchella vulgaris was contained in two plasmids. With reference
to Figure 5 (discussed later) pMV1 contains the nucleotides from position 454 to position 2902; and pMV2 contains the
nucleotides downstream from (and including) position 2897. With reference to Figures 2 and 3 (discussed later), to ligate
the coding sequences one can digest pMV2 with restriction enzymes EcoRI and BamHI and then insert the relevant
fragment into pMV1 digested with restriction enzymes EcoRI and BamHI.
[0038] Thus highly preferred embodiments of the present invention include a GL enzyme obtainable from the expression
of the GL coding sequences present in plasmids that are the subject of either deposit NCIMB 40687 or deposit NCIMB
40688 and deposit NCIMB 40689.
[0039] The present invention will now be described only by way of example.
[0040] In the following Examples reference is made to the accompanying figures in which:

Figure 1 shows a plasmid map of pMC;

GL sources Optimal pH Optimal pH range Optimal temperature

M. costata 6.5 5.5-7.5 37 C; 40 Ca

M. vulgaris 6.4 5.9-7.6 43 C; 48 Ca
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Figure 2 shows a plasmid map of pMV1;

Figure 3 shows a plasmid map of pMV2;

Figure 4 shows the GL coding sequence and part of the 5’ and 3’ non-translated regions for genomic DNA obtained
from Morchella costata;

Figure 5 shows the GL coding sequence and part of the 5’ and 3’ non-translated regions for genomic DNA obtained
from Morchella vulgaris;

Figure 6 shows a comparison of the GL coding sequences and non-translated regions from Morchella costata and
Morchella vulgaris;

Figure 7 shows the amino acid sequence represented as SEQ. I.D. No. 1 showing positions of the peptide fragments
that were sequenced; and

Figure 8 shows the amino acid sequence represented as SEQ. I.D. No. 2 showing positions of the peptide fragments
that were sequenced.

[0041] In more detail, in Figure 4, the total number of bases is 4726 - and the DNA sequence composition is: 1336 A;
1070 C; 1051 G; 1269 T. The ATG start codon is shown in bold. The introns are underlined. The stop codon is shown
in italics.
[0042] In Figure 5, the total number of bases is 4670 - and the DNA sequence composition is: 1253 A; 1072 C; 1080
G; 1265 T. The ATG start codon is shown in bold. The introns are underlined. The stop codon is shown in italics.
[0043] In Figure 6, the two aligned sequences are those obtained from MC (total number of residues: 1066) and MV
(total number of residues: 1070). The comparison matrix used was a structure-genetic matrix (Open gap cost: 10; Unit
gap cost : 2). In this Figure, the character to show that two aligned residues are identical is ’:’. The character to show
that two aligned residues are similar is ’.’. The amino acids said to be ’similar’ are: A,S,T; D,E; N,Q; R,K; I,L,M,V; F,Y,
W. Overall there is: Identity: 920 (86.30%); Similarity: 51 (4.78%). The number of gaps inserted in MC is 1 and the
number of gaps inserted in MV is 1.
[0044] In the attached sequence listings: SEQ. I.D.No. 1 is the amino-acid sequence for GL obtained from Morchella
costata; SEQ. I.D.No. 2 is the amino-acid sequence for GL obtained from Morchella vulgaris; SEQ. I.D.No. 3 is the
nucleotide coding sequence for GL obtained from Morchella costata; and SEQ. I.D.No. 4 is the nucleotide coding
sequence for GL obtained from Morchella vulgaris.
[0045] In SEQ. I.D. No. 1 the total number of residues is 1066. The GL enzyme has an amino acid composition of:

[0046] In SEQ.I.D. No. 2 the total number of residues is 1070. The GL enzyme has an amino acid composition of:

1. ENZYME PURIFICATION AND CHARACTERIZATION OF THE α-1,4-GLUCAN LYASE FROM THE FUNGUS 
MORCHELLA COSTATA

1.1 Materials and Methods

[0047] The fungus Morchella costata was obtained from American Type Culture Collection (ATCC). The fungus was
grown at 25°C on a shaker using the culture medium recommended by ATCC. The mycelia were harvested by filtration
and washed with 0.9% NaCl.

46 Ala 13 Cys 25 His 18 Met 73 Thr
50 Arg 37 Gln 54 Ile 43 Phe 23 Trp
56 Asn 55 Glu 70 Leu 56 Pro 71 Tyr
75 Asp 89 Gly 71 Lys 63 Ser 78 Val

51 Ala 13 Cys 22 His 17 Met 71 Thr
50 Arg 40 Gln 57 Ile 45 Phe 24 Trp
62 Asn 58 Glu 74 Leu 62 Pro 69 Tyr
74 Asp 87 Gly 61 Lys 55 Ser 78 Val
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[0048] The fungal cells were broken by homogenization followed by sonication on ice for 6x3 min in 50 mM citrate-
NaOH pH 6.2 (Buffer A). Cell debris were removed by centrifugation at 25,000xg for 40 min. The supernatant obtained
at this procedure was regarded as cell-free extract and was used for activity staining and Western blotting after separation
on 8-25% gradient gels.

1.2 Separation by β-cyclodextrin Sepharose gel

[0049] The cell-free extract was applied directly to a β-cyclodextrin Sepharose gel 4B clolumn (2.6 x 18 cm) pre
equilibrated with Buffer A. The column was washed with 3 volumes of Buffer A and 2 volumes of Buffer A containing 1
M NaCl. α-1,4-glucan lyase was eluted with 2 % dextrins in Buffer A. Active fractions were pooled and the buffer changed
to 20 mM Bis-tris propane-HCl (pH 7.0, Buffer B).
[0050] Active fractions were applied onto a Mono Q HR 5/5 column pre-equilibrated with Buffer B. The fungal lyase
was eluted with Buffer B in a linear gradient of 0.3 M NaCl.
[0051] The lyase preparation obtained after β-cyclodextrin Sepharose chromatography was alternatively concentrated
to 150 Pl and applied on a Superose 12 column operated under FPLC conditions.

1.3 Assay for α-1,4-glucan lyase activity and conditions for determination of substrate specificity, pH and temperature 
optimum

[0052] The reaction mixture for the assay of the α-1,4-glucan lyase activity contained 10 mg ml-1 amylopectin and 25
mM Mes-NaOH (pH 6.0).
[0053] The reaction was carried out at 30 °C for 30 min and stopped by the addition of 3,5-dinitrosalicylic acid reagent.
Optical density at 550nm was measured after standing at room temperature for 10 min. 10 mM EDTA was added to the
assay mixture when cell-free extracts were used.
[0054] The substrate amylopectin in the assay mixture may be replaced with other substrates and the reaction tem-
perature may vary as specified in the text.
[0055] In the pH optimum investigations, the reaction mixture contained amylopection or maltotetraose 10 mg ml-1 in
a 40 mM buffer. The buffers used were glycine-NaOH (pH 2.0-3.5), HoAc-NaoAc (pH 3.5-5.5), Mes-NaOH (pH 5.5-6.7),
Mops-NaOH (6.0-8.0) and bicine-NaOH (7.6-9.0). The reactions were carried out at 30°C for 30 min. The reaction
conditions in the temperature optimum investigations was the same as above except that the buffer Mops-NaOH (pH
6.0) was used in all experiments. The reaction temperature was varied as indicated in the text.
[0056] SDS-PAGE, Native-PAGE and isoelectrofocusing were performed on PhastSystem (Pharmacia, Sweden) using
8-25% gradient gels and gels with a pH gradient of 3-9, respectively. Following electrophoresis, the gels were stained
by silver staining according to the procedures recommended by the manufacturer (Pharmacia). The glycoproteins were
stained by PAS adapted to the PhastSystem. For activity staining, the electrophoresis was performed under native
conditions at 6°C.
[0057] Following the electrophoresis, the gel was incubated in the presence of 1 % soluble starch at 30°C overnight.
Activity band of the fungal lyase was revealed by staining with I2/KI solution.

1.4 Results

1.4.1 Purification, molecular mass and isoelectric point of the α-1,4-glucan lyase

[0058] The fungal lyase was found to adsorb on columns packed with β-cyclodextrin Sepharose, starches and Red
Sepharose. Columns packed with β-cyclodextrin Sepharose 4B gel and starches were used for purification purposes.
[0059] The lyase preparation obtained by this step contained only minor contaminating proteins having a molecular
mass higher than the fungal lyase. The impurity was either removed by ion exchange chromatography on Mono Q HR
5/5 or more efficiently by gel filtration on Superose 12.
[0060] The purified enzyme appeared colourless and showed no absorbance in the visible light region. The molecular
mass was determined to 110 kDa as estimated on SDS-PAGE.
[0061] The purified fungal lyase showed a isoelectric point of pI 5.4 determined by isoelectric focusing on gels with a
pH gradient of 3 to 9. In the native electrophoresis gels, the enzyme appeared as one single band. This band showed
starch-degrading activity as detected by activity staining. Depending the age of the culture from which the enzyme is
extracted, the enzyme on the native and isoelectric focusing gels showed either as a sharp band or a more diffused
band with the same migration rate and pI.
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1.4.2 The pH and temperature optimum of the fungal lyase catalayzed reaction

[0062] The pH optimum pH range for the fungal lyase catalyzed reaction was found to be between pH 5 and pH 7.

1.4.3 Substrate specificity

[0063] The purified fungal lyase degraded maltosaccharides from maltose to maltoheptaose. However, the degradation
rates varied. The highest activity achieved was with maltotetraose (activity as 100%), followed by maltohexaose (97%),
maltoheptaose (76%), maltotriose (56%) and the lowest activity was observed with maltose (2%).
[0064] Amylopectin, amylose and glycogen were also degraded by the fungal lyase (% will be determined). The fungal
lyase was an exo-lyase, not a endolyase as it degraded p-nitrophenyl α-D-maltoheptaose but failed to degrade reducing
end blocked p-nitrophenyl α-D-maltoheptaose.

1.5 Morchella Vulgaris

[0065] The protocols for the enzyme purification and charaterisation of alpha 1,4-glucal lyase obtained from Morchella
Vulgaris were the same as those above for Morchella Costata (with similar results - see results mentioned above).

2. AMINO ACID SEOUENCING OF THE α-1,4-GLUCAN LYASE FROM FUNGUS

2.1 Amino acid sequencing of the lyases

[0066] The lyases were digested with either endoproteinase Arg-C from Clostridium histolyticum or endoproteinase
Lys-C from Lysobacter enzymogenes, both sequencing grade purchased from Boehringer Mannheim, Germany. For
digestion with endoproteinase Arg-C, freezedried lyase (0.1 mg) was dissolved in 50 Pl 10 M urea, 50 mM methylamine,
0.1 M Tris-HCl, pH 7.6. After overlay with N2 and addition of 10 Pl of 50 mM DTT and 5 mM EDTA the protein was
denatured and reduced for 10 min at 50°C under N2. Subsequently, 1 Pg of endoproteinase Arg-C in 10 Pl of 50 mM
Tris-HCl, pH 8.0 was added, N2 was overlayed and the digestion was carried out for 6h at 37°C.
[0067] For subsequent cysteine derivatization, 12.5 Pl 100 mM iodoacetamide was added and the solution was incu-
bated for 15 min at RT in the dark under N2.
[0068] For digestion with endoproteinase Lys-C, freeze dried lyase (0.1 mg) was dissolved in 50 Pl of 8 M urea, 0.4
M NH4HCO3, pH 8.4. After overlay with N2 and addition of 5 Pl of 45 mM DTT, the protein was denatured and reduced
for 15 min at 50°C under N2. After cooling to RT, 5 Pl of 100 mM iodoacetamide was added for the cysteines to be
derivatized for 15 min at RT in the dark under N2. Subsequently, 90 Pl of water and 5 Pg of endoproteinase Lys-C in 50
Pl of 50 mM tricine and 10 mM EDTA, pH 8.0, was added and the digestion was carried out for 24h at 37°C under N2.
[0069] The resulting peptides were separated by reversed phase HPLC on a VYDAC C 18 column (0.46 x 15 cm; 10
Pm; The Separations Group; California) using solvent A: 0.1% TFA in water and solvent B: 0.1% TFA in acetonitrile.
Selected peptides were rechromatographed on a Develosil C18 column (0.46 x 10 cm; 3 Pm; Dr. Ole Schou, Novo
Nordisk, Denmark) using the same solvent system prior to sequencing on an Applied Biosystems 476A sequencer using
pulsed-liquid fast cycles.
[0070] The amino acid sequence information from the enzyme derived from the fungus Morchella costata is shown
Fig. 7.
[0071] The amino acid sequence information from the enzyme derived from the fungus Morchella vulgaris is shown
Fig. 8.

3. DNA SEOUENCING OF GENES CODING FOR THE α-1,4-GLUCAN LYASE FROM FUNGUS

3.1 METHODS FOR MOLECULAR BIOLOGY

[0072] DNA was isolated as described by Dellaporte et al (1983 - Plant Mol Biol Rep vol 1 pp19-21).

3.2 PCR

[0073] The preparation of the relevant DNA molecule was done by use of the Gene Amp DNA Amplification Kit (Perkin
Elmer Cetus, USA) and in accordance with the manufactures instructions except that the Taq polymerase was added
later (see PCR cycles) and the temperature cycling was changed to the following:
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3.3 CLONING OF PCR FRAGMENTS

[0074] PCR fragments were cloned into pT7Blue (from Novagen) following the instructions of the supplier.

3.4 DNA SEQUENCING

[0075] Double stranded DNA was sequenced essentially according to the dideoxy method of Sanger et al. (1979)
using the Auto Read Sequencing Kit (Pharmacia) and the Pharmacia LKB A.L.F.DNA sequencer. (Ref: Sanger, F.,
Nicklen, S. and Coulson, A.R.(1979). DNA sequencing with chain-determinating inhibitors. Proc. Natl. Acad. Sci. USA
74: 5463-5467.)

3.5 SCREENING OF THE LIBRARIES

[0076] Screening of the Lambda Zap libraries obtained from Stratagene, was performed in accordance with the man-
ufacturer’s instructions except that the prehybridization and hybridization was performed in 2xSSC, 0.1 % SDS,
10xDenhardt’s and 100Pg/ml denatured salmon sperm DNA.
[0077] To the hybridization solution a 32P-labeled denatured probe was added. Hybridization was performed over
night at 55°C. The filters were washed twice in 2xSSC, 0.1 % SDS and twice in 1xSSC, 0.1% SDS.

3.6 PROBE

[0078] The cloned PCR fragments were isolated from the pT7blue vector by digestion with appropriate restriction
enzymes. The fragments were seperated from the vector by agarose gel electrophoresis and the fragments were purified
from the agarose by Agarase (Boehringer Mannheim). As the fragments were only 90-240 bp long the isolated fragments
were exposed to a ligation reaction before labelling with 32P-dCTP using either Prime-It random primer kit (Stratagene)
or Ready to Go DNA labelling kit (Pharmacia).

3.7 RESULTS

3.7.1 Generation of PCR DNA fragments coding for α-1,4-glucan lyase.

[0079] The amino acid sequences (shown below) of three overlapping tryptic peptides from α-1,4-glucan lyase were
used to generate mixed oligonucleotides, which could be used as PCR primers for amplification of DNA isolated from
both MC and MV.

PCR cycles:
no of cycles C time (min.)

1 98 5
60 5

addition of Taq polymerase and oil
35 94 1

47 2
72 3

1 72 20
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[0080] In the first PCR amplification primers A1/A2 (see below) were used as upstream primers and primers B1/B2
(see below) were used as downstream primer.

Primer A1: CA(GA)CA(CT)AA(GA)ATGCT(GATC)AA(GA)GA(CT)AC
Primer A2: CA(GA)CA(CT)AA(GA)ATGTT(GA)AA(GA)GA(CT)AC
Primer B1: TA(GA)AA(GATC)GG(GA)TC(GA)CT(GA)TG(GA)TA
Primer B2: TA(GA)AA(GATC)GG(GA)TC(GATC)GA(GA)TG(GA)TA

[0081] The PCR products were analysed on a 2 % LMT agarose gel and fragments of the expected sizes were cut
out from the gel and treated with Agarase (Boehringer Manheim) and cloned into the pT7blue Vector (Novagen) and
sequenced.
[0082] The cloned fragments from the PCR amplification coded for amino acids corresponding to the sequenced
peptides (see above) and in each case in addition to two intron sequences. For MC the PCR amplified DNA sequence
corresponds to the sequence shown as from position 1202 to position 1522 with reference to Figure 4. For MV the PCR
amplified DNA sequence corresponds to the sequence shown as from position 1218 to position 1535 with reference to
Figure 5.

3.7.2 Screening of the genomic libraries with the cloned PCR fragments.

[0083] Screening of the libraries with the above-mentioned clone gave two clones for each source. For MC the two
clones were combined to form the sequence shown in Figure 4 (see below). For MV the two clones could be combined
to form the sequence shown in Figure 5 in the manner described above.
[0084] An additional PCR was performed to supplement the MC clone with PstI, PvuII, AscI and NcoI restriction sites
immediately in front of the ATG start codon using the following oligonucleotide as an upstream primer:

AAACTGCAGCTGGCGCGCCATGCAGGATTTTCTGAT

and a primer containing the complement sequence of bp 1297-1318 in Figure 4 was used as a downstream primer.
[0085] The complete sequence for MC was generated by cloning the 5’ end of the gene as a BgIII-EcoRI fragment
from one of the genomic clone (first clone) into the BamHI-EcoRI sites of pBluescript II KS+ vector from Stratagene.
The 3’ end of the gene was then cloned into the modified pBluescript II KS+ vector by ligating an NspV (blunt ended,
using the DNA blunting kit from Amersham International)-EcoRI fragment from the other genomic clone (second clone)
after the modified pBluescript II KS+ vector had been digested with EcoRI and EcoRV. Then the intermediate part of
the gene was cloned in to the further modified pBluescript II KS+ vector as an EcoRI fragment from the first clone by
ligating that fragment into the further modified pBluescript II KS+ vector digested with EcoRI.

4. EXPRESSION OF THE GL GENE IN MICRO-ORGANISMS

[0086] The DNA sequence encoding the GL can be introduced into microorganisms to produce the enzyme with high
specific activity and in large quantities.
[0087] In this regard, the MC gene (Figure 4) was cloned as a XbaI-XhoI blunt ended (using the DNA blunting kit from
Amersham International) fragment into the Pichia expression vector pHIL-D2 (containing the AOX 1 promoter) digested
with EcoRI and blunt ended (using the DNA blunting kit from Amersham International) for expression in Pichia pastoris
(according to the protocol stated in the Pichia Expression Kit supplied by Invitrogen).
[0088] In another embodiment, the MC gene 1 (same as Figure 4 except that it was modified by PCR to introduce
restriction sites as described above) was cloned as a PvuII-XhoI blunt ended fragment (using the DNA blunting kit from
Amersham International) into the Aspergillus expression vector pBARMTE1 (containing the methyl tryptophan resistance
promoter from Neuropera crassa) digested with SmaI for expression in Aspergillus niger (Pall et al (1993) Fungal Genet
Newslett. vol 40 pages 59-62). The protoplasts were prepared according to Daboussi et al (Curr Genet (1989) vol 15
pp 453-456) using lysing enzymes Sigma L-2773 and the lyticase Sigma L-8012. The transformation of the protoplasts
was followed according to the protocol stated by Buxton et al (Gene (1985) vol 37 pp 207-214) except that for plating
the transformed protoplasts the protocol laid out in Punt et al (Methods in Enzymology (1992) vol 216 pp 447 - 457) was
followed but with the use of 0.6% osmotic stabilised top agarose.
[0089] The results showed that lyase activity was observed in the transformed Pichia pastoris and Aspergillus niger.
These experiments are now described.
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ANALYSES OF PICHIA LYASE TRANSFORMANTS AND ASPERGILLUS LYASE TRANSFORMANTS

GENERAL METHODS

Preparation of cell-free extracts.

[0090] The cells were harvested by centrifugation at 9000 rpm for 5 min and washed with 0.9% NaCl and resuspended
in the breaking buffer (50mM K-phosphate, pH 7.5 containing 1mM of EDTA, and 5% glycerol). Cells were broken using
glass beads and vortex treatment. The breaking buffer contained 1 mM PMSF (protease inhibitor). The lyase extract
(supernatant) was obtained after centrifugation at 9000 rpm for 5 min followed by centrifugation at 20,000 xg for 5min.

Assay of lyase activity by alkaline 3,5-dinitrosalicylic acid reagent (DNS)

[0091] One volume of lyase extract was mixed with an equal volume of 4% amylopectin solution. The reaction mixture
was then incubated at a controlled temperature and samples vere removed at specified intervals and analyzed for AF.
[0092] The lyase activity was also analyzed using a radioactive method.
[0093] The reaction mixture contained 10 Pl 14C-starch solution (1 PCi; Sigma Chemicals Co.) and 10 Pl of the lyase
extract. The reaction mixture was left at 25°C overnight and was then analyzed in the usual TLC system. The radioactive
AF produced was detected using an Instant Imager (Pachard Instrument Co., Inc., Meriden, CT).

Electrophoresis and Western blotting

[0094] SDS-PAGE was performed using 8-25% gradient gels and the PhastSystem (Pharmacia). Western blottings
was also run on a Semidry transfer unit of the PhastSystem. Primary antibodies raised against the lyase purified from
the red seaweed collected at Qingdao (China) were used in a dilution of 1:100. Pig antirabbit IgG conjugated to alkaline
phosphatase (Dako A/S, Glostrup, Denmark) were used as secondary antibodies and used in a dilution of 1:1000.

Part I, Analysis of the Pichia transformantscontaining the above mentioned construct

[0095]

Part II, The Aspergilus transformants

Results

I. Lyase activity was determined after 5 days incubation (minimal medium containing 0.2% casein enzymatic 
hydrolysate analysis by the alkaline 3,5-dinitrosalicylic acid reagent

[0096]

MC-Lyase expressed intracellularly in Pichia pastoris

Names of culture Specific activity*

A18 10

A20 32

A21 8

A22 8

A24 6

*The specific activity was defined as nmol of AF
produced per min per mg protein at 25°C.

Lyase activity analysis in cell-free extracts

Name of the culture Specific activity*

8.13 11
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[0097] The results show that the MC-lyase was expressed intracellular in A. niger.
[0098] Instead of Aspergillus niger as host, other industrial important nicroorganisms for which good expression sys-
tems are known could be used such as: Aspergillus oryzae, Aspergillus sp., Trichoderma sp., Saccharomyces cerevisiae,
Kluyveromyces sp., Hansenula sp., Pichia sp., Bacillus subtilis, B. amyloliquefaciens, Bacillus sp., Streptomyces sp.
or E. coli.
[0099] Other preferred embodiments of the present invention include any one of the following: A transformed host
organism having the capability of producing AF as a consequence of the introduction of a DNA sequence as herein
described; such a transformed host organism which is a microorganism - preferably wherein the host organism is selected
from the group consisting of bacteria, moulds, fungi and yeast; preferably the host organism is selected from the group
consisting of Saccharomyces, Kluyveromyces, Aspergillus, Trichoderma Hansenula, Pichia, Bacillus Streptomyces,
Eschericia such as Aspergillus oryzae, Saccharomyces cerevisiae, bacillus sublilis, Bacillus amyloliquefascien, Es-
chericia coli.; A method for preparing the sugar 1,5-D-anhydrofructose comprising contacting an alpha 1,4-glucan (e.g.
starch) with the enzyme α-1,4-glucan lyase expressed by a transformed host organism comprising a nucleotide sequence
encoding the same, preferably wherein the nucleotide sequence is a DNA sequence, preferably wherein the DNA
sequence is one of the sequences hereinbefore described; A vector incorporating a nucleotide sequence as hereinbefore
described, preferably wherein the vector is a replication vector, preferably wherein the vector is an expression vector
containing the nucleotide sequence downstream from a promoter sequence, preferably the vector contains a marker
(such as a resistance marker); Cellular organisms, or cell line, transformed with such a vector; A method of producing
the product α-1,4-glucan lyase or any nucleotide sequence or part thereof coding for same, which comprises culturing
such an organism (or cells from a cell line) transfected with such a vector and recovering the product.
[0100] Other modifications of the present invention will be apparent to those skilled in the art without departing from
the scope of the invention.

SEQUENCE LISTING

[0101]

(1) GENERAL INFORMATION:

(i) APPLICANT:

(A) NAME: Danisco A/S
(B) STREET: Langebrogade 1
(C) CITY: Copenhagen
(D) STATE: Copenhagen K
(E) COUNTRY: Denmark
(F) POSTAL CODE (ZIP): DK-1001

(ii) TITLE OF INVENTION: ENZYME
(iii) NUMBER OF SEQUENCES: 10
(iv) COMPUTER READABLE FORM:

(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(continued)

Name of the culture Specific activity*

8.16 538

8.19 37

*The specific activity was defined as nmol
of AF produced per min per mg protein at
25°C.
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(v) CURRENT APPLICATION DATA:

APPLICATION NUMBER: WO PCT/EP94/03398

(2) INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1066 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
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(2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1070 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
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(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 3201 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
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(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 3213 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
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(2) INFORMATION FOR SEQ ID NO: 5:
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(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 75 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

(2) INFORMATION FOR SEQ ID NO: 6:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(3, "")
(D) OTHER INFORMATION: /standard_name= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(6, "")
(D) OTHER INFORMATION: /note= "N is C or T"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(3, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(9, "")
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(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(15, "")
(D) OTHER INFORMATION: /note= "N is G or A or T or C"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(18, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(21, "")
(D) OTHER INFORMATION: /note= "N is C or T"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:
CANCANAANA TGCTNAANGA NAC 23

(2) INFORMATION FOR SEQ ID NO: 7:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(3, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(6, "")
(D) OTHER INFORMATION: /note= "N is C or T"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(9, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(15, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:
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(A) NAME/KEY: misc_difference
(B) LOCATION: replace(18, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(21, "")
(D) OTHER INFORMATION: /note= "N is C or T"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
CANCANAANA TGTTNAANGA NAC 23

(2) INFORMATION FOR SEQ ID NO: 8:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(3, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(6, "")
(D) OTHER INFORMATION: /note= "N is G or A or T or C"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(9, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(12, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(15, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(18, "")
(D) OTHER INFORMATION: /note= "N is G or A"
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:
TANAANGGNT CNCTNTGNTA 20

(2) INFORMATION FOR SEQ ID NO: 9:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(3, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(6, "")
(D) OTHER INFORMATION: /note= "N is G or A or T or C"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(9, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(12, "")
(D) OTHER INFORMATION: /note= "N is G or A or T or C"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(15, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(ix) FEATURE:

(A) NAME/KEY: misc_difference
(B) LOCATION: replace(18, "")
(D) OTHER INFORMATION: /note= "N is G or A"

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:
TANAANGGNT CNGANTGNTA 20

(2) INFORMATION FOR SEQ ID NO: 10:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:
AAACTGCAGC TGGCGCGCCA TGGCAGGATT TTCTGAT 37

Claims

1. A method of preparing a fungal α-1,4-glucan lyase comprising isolating α-1,4-glucan lyase from a culture of a fungus
substantially free of any other organism, wherein the α-1,4-glucan lyase is isolated and/or further purified using a
gel that is not degraded by the enzyme and wherein the gel is based on cyclodextrin.

2. A method according to claim 1 wherein the gel is based on beta cyclodextrin.

3. A method according to any one of claims 1 to 2 wherein the fungus is Morchella costata or Morchella vulgaris.

4. An isolated fungal α-1,4-glucan lyase enzyme comprising the amino acid sequence SEQ. ID. No. 1 or SEQ. I.D.
No. 2 said enzyme being obtainable from a culture of a fungus.

5. A nucleotide sequence coding for a fungal α-1,4-glucan lyase enzyme, wherein the sequence is a DNA sequence
which comprises a sequence that is the same as, or is complementary to SEQ. ID. No. 3 or SEQ. ID. No. 4.

6. A method of preparing the enzyme α-1,4-glucan lyase comprising expressing the nucleotide sequence of claim 5.

7. A nucleotide sequence capable of coding for the α-1,4-glucan lyase enzyme according to claim 4.

Patentansprüche

1. Verfahren zur Herstellung einer Pilz-α-1,4-Glucanlyase, welches umfaßt, daß man α-1,4-Glucanlyase aus einer
Kultur eines Pilzes isoliert, die im wesentlichen frei von irgendwelchen anderen Organismen ist, wobei die α-1,4-
Glucanlyase unter Verwendung eines Gels, welches durch das Enzym nicht abgebaut wird und wobei das Gel auf
Cyclodextrin basiert, isoliert und/oder weiter gereinigt wird.

2. Verfahren nach Anspruch 1, wobei das Gel auf Beta-Cyclodextrin basiert.

3. Verfahren nach einem der Ansprüche 1 bis 2, wobei der Pilz Morchella costata oder Morchella vulgaris ist.

4. Isoliertes Pilz-a-1,4-Glucanlyaseenzym, umfassend die Aminosäuresequenz SEQ ID NO: 1 oder SEQ ID NO: 2,
wobei das Enzym aus einer Kultur eines Pilzes erhalten werden kann.

5. Nukleotidsequenz, die ein Pilz-a-1,4-Glucanlyaseenzym codiert, wobei die Sequenz eine DNA-Sequenz ist, welche
eine Sequenz umfaßt, die die gleiche ist wie oder komplementär ist zu SEQ ID NO: 3 oder SEQ ID NO: 4.

6. Verfahren zur Herstellung des Enzyms α-1,4-Glucanlyase, welches das Exprimieren der Nukleotidsequenz nach
Anspruch 5 umfaßt.

7. Nukleotidsequenz, die das α-1,4-Glucanlyaseenzym nach Anspruch 4 codieren kann.

Revendications

1. Procédé pour la préparation d’une α-1,4-glucane-lyase fongique, comprenant l’isolement de l’α-1,4-glucane-lyase
d’une culture d’un champignon pratiquement dépourvue de tout autre organisme, dans lequel l’α-1,4-glucane-lyase
est isolée et/ou soumise à une purification supplémentaire en utilisant un gel qui n’est pas dégradé par l’enzyme et
dans lequel le gel est à base d’une cyclodextrine.
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2. Procédé suivant la revendication 1, dans lequel le gel est à base de bêta-cyclodextrine.

3. Procédé suivant l’une quelconque des revendications 1 et 2, dans lequel le champignon est Morchella costata ou
Morchella vulgaris.

4. Enzyme α-1,4-glucane-lyase fongique isolée, comprenant la séquence d’aminoacides SEQ ID N° 1 ou SEQ ID N°
2, ladite enzyme pouvant être obtenue à partir d’une culture d’un champignon.

5. Séquence de nucléotides codant pour une enzyme α-1,4-glucane-lyase fongique, ladite séquence étant une sé-
quence d’ADN qui comprend une séquence qui est identique à, ou complémentaire de, la SEQ ID N° 3 ou la SEQ
ID N° 4.

6. Procédé pour la préparation de l’enzyme α-1,4-glucane-lyase, comprenant l’expression de la séquence de nucléo-
tides suivant la revendication 5.

7. Séquence de nucléotides capable de coder pour l’enzyme α-1,4-glucane-lyase suivant la revendication 4.
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